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PART I : PHYSICS
SECTION-I (Maximum Marks : 18)

1. The electrostatic energy of Z protons uniformly distributed throughout a spherical nucleus of radius R is given

by
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The measured masses of the neutron, 
1
1H, 

7
15N and 

8
15O are 1.008665 u, 1.007825 u, 15.000109 u and

15.003065 u, respectively. Given that the radii of both the 
7

15N and 
8
15O nuclei are same, 1u = 931.5 MeV/c2 (c

is the speed of light) and e2/(4
0
) = 1.44 MeV fm. Assuming that the difference between the binding energies

of 
7

15N and 
8
15O is purely due to the electrostatic energy, the radius of either of the nuclei is - (1 fm = 10–15 m)

f=kT;k R okys ,d xksykdkj ukfHkd (nucleus) esa Z izksVksu leku:i ls forfjr gSA ,sls ukfHkd dh fLFkj fo|qr ÅtkZ uhps

lehdj.k esa nh xbZ gS &
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U;wVªkWu] 
1
1H, 

7
15N ,oa 

8
15O ukfHkdksa (nuclei) ds ekis x;s nzO;eku Øe'k% 1.008665 u, 1.007825 u, 15.000109 u ,oa

15.003065 u gSA 
7

15N vkSj 
8
15O ukfHkdksa dh f=kT;k;sa leku nh xbZ gSA 1u = 931.5 MeV/c2 (tgka ij c izdk'k dh xfr

gS) vkSj e2/(4
0
) = 1.44 MeV fmA ;fn 

7
15N ,oa 

8
15O dh ca/kd ÅtkZvksa dk varj flQZ fLFkj fo|qr ÅtkZ ds dkj.k gS]

rks nksuksa esa ls fdlh Hkh ukfHkd dh f=kT;k D;k gksxh\ (1 fm = 10–15 m)

(A) 2.85 fm (B) 3.03 fm (C) 3.42 fm (D) 3.80 fm

Ans. C

Sol. Electrostatic energy = BE
N
 – BE

O

= [7M
H
 + 8 M

n
 – M

N
] – [8M

H
 + 7 M

n
 – M

O
] × C2

= [–M
H
 + M

n
 + M

O
 – M

N
]C2

= [–1.007825 + 1.008665 + 15.003065 – 15.0001.9] × 931.5

= +3.5359 MeV
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2. The ends Q and R of two thin wires, PQ and RS, are soldered (joined) together. Initially each of the wires has

a length of 1m at 10ºC. Now the end P is maintained at 10ºC, while the end S is heated and maintained at

400ºC. The system is thermally insulated from its surroundings. If the thermal conductivity of wire PQ is twice

that of the wire RS and the coefficient of linear thermal expansion of PQ is 1.2×10–5K–1, the change in length

of the wire PQ is -

,d irys rkj PQ ds Nksj Q dks vU; irys rkj RS ds Nksj R ij Vkadk yxkdj (soldered) tksM+k x;k gSA 10ºC ij

nksuksa rkjksa dh yEckbZ 1m gSA vc bl fudk; ds Nksj P rFkk Nksj S dks Øe'k% 10ºC rFkk 400ºC ij fLFkj j[kk tkrk

gSA ;g fudk; pkjksa vksj ls Å"ekjks/kh gSA ;fn rkj PQ dh Å"ek pkydrk rkj RS dh Å"ek pkydrk ls nqxquh gS rFkk

rkj PQ dk js[kh; Å"eh; o`f) xq.kkad 1.2×10–5K–1 gS] rc rkj PQ dh yEckbZ esa ifjorZu dk eku gS &

(A) 0.78 mm (B) 0.90 mm (C) 1.56 mm (D) 2.34 mm

CODE : 9
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PHYSICS

Ans. A

Sol.
P SQ,R

10ºC 140ºC 400ºC

1m 1m

2k, �1 k, �2

dl = dx
1
( – 10)

d  l l
10 130

x 1

 
 

 
 10 130x  

 
1

10
130x dx  l

2

1

x
130

2
  l

5 51
130 1.2 10 78 10 0.78mm

2
        l

3. An accident in a nuclear laboratory resulted in deposition of a certain amount of radioactive material of half-life

18 days inside the laboratory. Tests revealed that the radiation was 64 times more than the permissible level

required for safe operation of the laboratory. What is the minimum number of days after which the laboratory

can be considered safe for use?

,d ukfHkdh; iz;ksx'kkyk esa nq?kZVuk dh otg ls jsfM;ks,fDVo inkFkZ dh dqN ek=kk tek gks x;h] ftldh v/kkZ;q 18 fnuksa

dh gSA ijh{k.k ls irk pyk fd iz;ksx'kkyk esa fofdj.k dk Lrj lqjf{kr Lrj ls 64 xq.kk T;knk FkkA U;wure fdrus fnuksa

ds ckn iz;ksx'kkyk dke djus ds fy, lqjf{kr gksxh &

(A) 64 (B) 90 (C) 108 (D) 120

Ans. C

Sol. H2t /T
0A A 2

H2t /T0
0

A
A 2

64
 

H

t
6

T
 

Ht 6T 108days  

4. There are two Vernier calipers both of which have 1 cm divided into 10 equal divisions on the main scale. The

Vernier scale of one of the calipers (C
1
) has 10 equal divisions that correspond to 9 main scale divisions. The

Vernier scale of the other caliper (C
2
) has 10 equal divisions that correspond to 11 main scale divisions. The

readings of the two calipers are shown in the figure. The measured values (in cm) by calipers C
1
 and C

2
,

respectively, are

nks ofuZ;j dSfyilZ bl rjg ls gS fd muds eq[; iSekus dk 1 cm, 10 leHkkxksa esa foHkkftr gSA ,d dSfyij (C
1
) ds ofuZ;j

iSekus ij 10 cjkcj Hkkx gS tks fd eq[; iSekus ds 9 Hkkxksa ds cjkcj gSA nwljs dSfyij (C
2
) ds ofuZ;j iSekus ij Hkh 10

cjkcj Hkkx gS tks fd eq[; iSekus ds 11 Hkkxksa ds cjkcj gSA nksuksa dSfyilZ ds iBuksa dks fp=k esa n'kkZ;k x;k gSA C
1
 rFkk

C
2 
}kjk ekis x, lgh eku (cm esa) Øe'k% gS &
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PHYSICS

(A) 2.87 and 2.86 (B) 2.87 and 2.87 (C) 2.87 and 2.83 (D) 2.85 and 2.82

Ans. C

Sol. For vernier C
1

10 VSD = 9 MSD = 9 mm

1 VSD = 0.9 mm

 LC = 1MSD – 1VSD = 1mm – 0.9 mm = 0.1 mm

Reading of C
1
 = MSR + (VSR)(L.C.) = 28mm + (7)(0.1)

Reaing of C
1
 = 28.7 mm = 2.87 cm

For vernier C
2
 : the vernier C

2
 is abnormal,

So we have to find the reading from basics.

The point where both of the marks are matching :

distance measured from main scale = distance measured from vernier scale

28mm + (1mm)(8) = (28 mm + x) + (1.1 mm) (7)

solving x = 0.3 mm

So reading of C
2
 = 28 mm + 0.3 mm = 2.83 cm

5. A gas is enclosed in a cylinder with a movable frictionless piston. Its initial thermodynamic state at pressure P
i

= 105Pa and volume V
i
 = 10–3 m3 changes to a final state at P

f
 = (1/32)×105Pa and V

f
 = 8×10–3m3 in an

adiabatic quasi-static process, such that P3V5 = constant. Consider another thermodynamic process that brings

the system from the same initial state to the same final state in two steps : an isobaric expansion at P
i
 followed

by an isochoric (isovolumetric) process at volume V
f
. The amount of heat supplied to the system in the two-

step process is approximately

,d [kks[kys csyu] ftlesa ,d ?k"kZ.k jfgr pyk;eku fiLVu yxk gS] esa ,d xSl can gSA fudk; dh izkjfEHkd Å"ekxfrdh

voLFkk (thermodynamic state) esa xSl dk ncko P
i
 = 105Pa rFkk vk;ru V

i
 = 10–3 m3 gSA ,d :)ks"e LFkSfrddYi

(adiabatic quasi-static) dh izfØ;k] ftlesa P3V5 = fLFkjkad gS] ls fudk; vafre Å"ekxfrdh voLFkk P
f
 = (1/

32)×105Pa rFkk V
f
 = 8×10–3m3  esa ifjofrZr gks tkrk gSA ,d nwljh Å"ekxfrdh izfØ;k esa ogh izkjfEHkd ,oa vafre

voLFkk,sa nks pj.kksa esa iw.kZ dh tkrh gS % igys pj.k esa P
i
 ij leku ncko o`f) ds ckn nqljs pj.k esa ,d leku vk;ru

izfØ;k V
f 
vk;ru ij gksrh gSA nks pj.kksa okyh izfØ;k esa fudk; dks nh xbZ Å"ek dh ek=kk yxHkx gS &

(A) 112 J (B) 294 J (C) 588 J (D) 813 J

Ans. C

Sol.
5

monoatomic gas
3

  
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PHYSICS

From first law of thermodynamics

H = W + U

W = P
i
V

= 700 J

U = nC
V
T

=  f f i i

3 900
P V P V J

2 8
  

So, H = W + U = 588J

6. A small object is placed 50 cm to the left of a thin convex lens of focal length 30 cm. A convex spherical mirror

of radius of curvature 100 cm is placed to the right of the lens at a distance of 50 cm. The mirror is tilted such

that the axis of the mirror is at an angle  = 30º to the axis of the lens, as shown in the figure.

If the origin of the coordinate system is taken to be at the centre of the lens, the coordinates (in cm) of the point

(x, y) at which the image is formed are -

,d NksVh oLrq dks 30cm Qksdl nwjh (focal length) okys ,d irys mÙky (convex) ysal dh ckbZa vksj 50 cm dh nwjh

ij j[kk x;k gSA 100 cm dh oØrk f=kT;k okys ,d mÙky xksykdkj niZ.k dks ysal dh nkbZa vksj 50 cm dh nwjh ij j[kk

x;k gSA niZ.k dks bl rjg ls >qdk;k x;k gS fd niZ.k dk v{k ysal ds v{k ls  = 30º dk dks.k cukrk gS] tSlk fp=k esa

n'kkZ;k x;k gSA

;fn funsZ'kkad i)fr dk ewy fcUnq ysal ds e/; esa gks rks tgk¡ izfrfcac cuk gS ml fcUnq dk funsZ'kkad (x, y) lsaVhehVj esa]

D;k gksxk\
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(A)  25, 25 3 (B)  125 / 3, 25 / 3 (C)  50 25 3, 25 (D) (0, 0)

Ans. None

Sol.

First Image I
1
 from the lens will be formed at 75cm to the right of the lens.

Taking the mirror to be straight, the image I
2
 after reflection will be formed at 50 cm to the left of the mirror.

On rotation of mirror by 30º the final image is I
3
.

So x = 50 – 50cos60º = 25cm

and y = 50sin60º = 25 3cm

SECTION-II (Maximum Marks : 32)

7. While conducting the Young's double slit experiment, a student replaced the two slits with a large opaque plate

in the x-y plane containing two small holes that act as two coherent point sources (S
1
, S

2
) emitting light of

wavelength 600 nm. The student mistakenly placed the screen parallel to the x-z plane (for z > 0) at a distance

D = 3m from the mid-point of S
1
S

2
, as shown shematically in the figure. The distance between the sources d =

0.6003 mm. The origin O is at the intersection of the screen and the line joining S
1
S

2
. Which of the following

is(are) true of the intensity pattern on the screen?

(A) Hyperbolic bright and dark bands with foci symmetrically placed about O in the x-direction

(B) Semi circular bright and dark bands centered at point O

(C) The region very close to the point O will be dark

(D) Straight bright and dark bands parallel to the x-axis

,d fo|kFkhZ us ;ax nks fLyV okys iz;ksx (Young's double slit experiment) djrs le; nks fLyVksa dh txg ,d cM+h lery

vikjn'khZ iV~Vh dks x-y ry ij j[k fn;kA bl iV~Vh esa nks NksVs fNnz gS tks 600 nm rjaxnS/;Z izdk'k mRiUu djus okys

nks dyklac) fcUnq L=kksrksa (S
1
, S

2
) ds leku gSA fo|kFkhZ us xyrh ls insZ (screen) dks x-z ry (z > 0) ds lekukUrj S

1
S

2

ds e/; fcUnq ls D = 3m dh nwjh ij j[k fn;k] tSlk fd O;oLFkk&fp=k esa fn[kk;k x;k gSA L=kksrksa ds chp dh nwjh d =

0.6003 mm gSA S
1
S

2 
dks tksM+us okyh js[kk tgka insZ ls feyrh gS ogk¡ ij ewyfcanq O gSA insZ ij rhozrk izfr:i (intensity
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pattern) ds fy, fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa\

(A) x-fn'kk esa fcUnq O ds fxnZ lefer Qksdlksa ds lkFk vfrijoyf;d (Hyperbolic) nhIr rFkk vnhIr ifV~V;k¡

(B) fcUnq O ij dsfUnzr v/kZo`rh; nhIr rFkk vnhIr ifV~V;k¡

(C) fcUnq O dk fudVre {ks=k vnhIr gksxk

(D) x-v{k ds lekukUrj nhIr rFkk vnhIr lh/kh ifV~V;k¡

Ans. BC

Sol. from theory fringes will be semi circular

and
d 1

1000
2

 


at 0 x 1000
2


   

so at 0 it will be dark

8. In an experiment to determine the acceleration due to gravity g, the formula used for the time period of a

periodic motion is 
 7 R r

T 2
5g


  . The values of R and r are measured to be (60 ± 1) mm and (10 ± 1)

mm, respectively. In five successive measurements, the time period is found to be 0.52s, 0.56s, 0.57s, 0.54s,

0.54s and 0.59s. The least count of the watch used for the measurement of time period is 0.01s. Which of the

following statement(s) is(are) true?

(A) The error in the measurement of r is 10% (B) The error in the measurement of T is 3.57%

(C) The error in the measurement of T is 2% (D) The error in the determined value of g is 11%

xq:Roh; Roj.k g ds fu/kkZj.k ds ,d iz;ksx esa iz;qDr vkorhZ&xfr dk le;dky dk lw=k 
 7 R r

T 2
5g


   gSA R rFkk

r dk ekik x;k eku Øe'k% (60 ± 1) mm rFkk (10 ± 1) mm gSA yxkrkj ik¡p ekiu esa ekik x;k le;dky 0.52s, 0.56s,

0.57s, 0.54s, 0.54s rFkk 0.59s gSA le;dky ds ekiu ds fy, iz;ksx esa yk;h x;h ?kM+h dk vYiRekad 0.01s gSA

fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa\

(A) r ds ekiu esa =kqfV 10% gSA (B) T ds ekiu esa =kqfV 3.57% gSA

(C) T ds ekiu esa =kqfV 2% gSA (D) g ds fudkys x;s eku esa =kqfV 11% gSA

Ans. ABD

Sol. Error in T

mean

0.52 0.56 0.57 0.54 0.59
T 0.556 0.56s

5

   
  
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meanT 0.02 

 error in T is given by 
0.02

100 3.57%
0.56

 

Error in r = 
1

100 10%
10
 

Error in g

 7 R r
T 2

5g


 

2 2 7 R r
T 4

5 g

 
   

 

2

2

28 R r
g

5 T

  
  

 

g R r T 2
2 2 0.0357

g R r T 50

     
     

 

g
100 11%

g


  

9. A rigid wire loop of square shape having side of length L and resistance R is moving along the x-axis with a

constant velocity v
0
 in the plane of the paper. At t = 0, the right edge of the loop enters a region of length 3L

where there is a uniform magnetic field B
0
 into the plane of the paper, as shown in the figure. For sufficiently

large v
0
,  the loop eventually crosses the region. Let x be the location of the right edge of the loop. Let v(x), I(x)

and F(x) represent the velocity of the loop, current in the loop, and force on the loop, respectively, as a function

of x. Counter-clockwise current is taken as positive.

Which of the following schematic plot(s) is(are) correct? (Ignore gravity)

,d oxhZ; vkd`fr okyk rkj dk n`<+ Qank] ftlds Hkqtk dh yackbZ L ,oa izfrjks/k R gS] x-v{k dh fn'kk esa ,d fLFkj xfr

v
0
 ls bl dkxt ds Iysu ij (plane of the paper) xfreku gSA le; t = 0 ij Qans dk nkfguk fdukjk 3L yackbZ ds fLFkj

pqacdh; {ks=k B
0
 esa izos'k djrk gSA pqacdh; js[kkvksa dh fn'kk dkxt ds Iysu ds yacor~ vanj dh vksj gS (tSlk fd fp=k

esa n'kkZ;k x;k gS)A v
0 
dk eku i;kZIr gksus ij varrksxRok Qank pqacdh; {ks=k dks ikj djrk gSA eku fyft, dh Qans dh

nkfguh Hkqtk LFkku x ij gSA Qans dh xfr] Qans esa /kkjk ,oa Qans ij cy dh x ij fuHkZjrk dks Øe'k% v(x), I(x) ,oa F(x)

ls fu:fir fd;k x;k gSA okeorZ /kkjk dks iksftfVo ysaA
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fuEufyf[kr esa ls dkSulk@dkSuls O;oLFkk fp=k lgh gS@gSa\ (xq:Rokd"kZ.k ux.; ekus)

(A) (B) 

(C) (D) 

Ans. CD

Sol. For right edge of loop from x = 0 to x = L

vBL
i

R
 

 
2 2vB L

F iLB leftwards
R

 

2 2dv vB L
mv

dx R
 

 
2 2

0

B L
v x v x

mR
 

 
3 3

0
2

v BL B L
i x x

R mR
 
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   
2 2 4 4

0
2

v B L B L
F x x leftwards

R mR
 

10. Light of wavelength 
ph

 falls on a cathode plate inside a vacuum tube as shown in the figure. The work functions

of the cathode surface is  and the anode is a wire mesh of conducting material kept at a distance d from the

cathode. A potential difference V is maintained between the electrodes. If the minimum de Broglie wavelength

of the electrons passing throught the anode is 
e
, which of the following statement(s) is(are)  true?

(A) For large potential difference (V >> /e), 
e
 is approximately halved if V is made four times

(B) 
e
 increases at the same rate as 

ph
 for 

ph
 < hc/

(C) 
e
 is approximately halved, if d is doubled

(D) 
e
 decreases with increase in  and 

ph


ph

 rjaxnS/;Z dk izdk'k fuokZr ufydk (vacuum tube) ds vanj ,d dSFkksM ij fxjrk gS] tSlk fp=k esa n'kkZ;k x;k gSA

dSFkksM dh lrg dk dk;ZQyu  gS ,oa ,uksM] tks fd ,d pkydh; inkFkZ ds rkjksa dh tkyh gS] dSFkksM ls d nwjh ij fLFkr

gSA bysDVªksMksa ds chp dk foHkokUrj V fLFkj gSA ;fn ,uksM dks ikj djus okys bysDVªkWuksa dh U;wure Mh czkWXyh (de Broglie)

rjaxnS/;Z 
e 
gS] fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa\

(A) mPp foHkokUrj (V >> /e) ij vxj V dks pkj xquk c<+k;k tk, rks 
e
 yxHkx vk/kk gks tk,xkA

(B) vxj 
ph

 < hc/gS rks 
ph 
ds lkFk 

e
 ,d leku nj ls c<+sxkA

(C) d dks nqxquk djus ij 
e
 yxHkx vk/kk gks tk,xkA

(D)  vkSj 
ph

 dks c<+kus ij 
e
 de gksxkA

Ans. A

Sol. Equation Becomes

2
max

pH

PhC
eV

2m
  


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2

2
pH e

hC h
eV

2m
  

 

For V
e




2

2
pH e

hC h
eV and eV eV

2m
     

 

e

1

V
 

when V is made four times 
e
 is halved.

11. Two thin circular discs of mass m and 4m, having radii of a and 2a, respectively, are rigidly fixed by a massless,

rigid rod of length 24al  through their centres. This assembly is laid on a firm and flate surface, and set

rolling without slipping on the surface so that the angular soeed about the axis of the rod is . The angular

momentum of the entire assembly about the point 'O' is L


 (see the figure). Which of the following statement(s)

is(are) true?

(A) The magnitude of angular momentum of the assembly about its center of mass is 17ma2/2

(B) The magnitude of the z-component of L


 is 55ma2

(C) The magnitude of angular momentum of center of mass of the assembly about the point O is 81ma2

(D) The center of mass of the assembly rotates about the z-axis with an angular speed of /5

m rFkk 4m nzO;eku okyh nks iryh or̀kdkj pf=kdk,sa (discs), ftudh f=kT;k;sa Øe'k% a rFkk 2a gS] ds dsUnzksa dks 24al

yEckbZ dh nzO;eku jfgr n<̀+ MaMh ls tksM+k x;k gSA bl lewg dks ,d etcwr lery lrg ij fyVk;k x;k gS vkSj fQlyk;s

fcuk bl rjg ls ?kqek;k x;k gS fd bldh dks.kh; xfr MaMh ds v{k ds fxnZ gSA iwjs lewg dk fcUnq 'O' ds fxnZ dks.kh;

laosx L


 gS (fp=k nsf[k;sa)A fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa\
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(A) iwjs lewg dk mlds lagfr&dsanz ds fxnZ dks.kh; laosx dk ifjek.k 17ma2/2 gS

(B) L


 ds z-?kVd dk ifjek.k 55ma2gS

(C) iwjs lewg ds lagfr&dsanz dk fcUnq O ds fxnZ dks.kh; laosx dk ifjek.k 81ma2gS

(D) iwjs lewg dk lagfr&dsanz z-v{k ds fxnZ dks.kh; osx /5 ls ?kwe jgk gS

Ans. AD

Sol.

(D) Velocity of point P : a = l then

a
  

l
 Angular velocity of C.M. w.r.t point O.

Angular velocity of C.M. w.r.t z axis =  cos 

C.M. z

a 24 a 24

5 524a


 
  

l

CM z
5




 

(B) 
2 2 2

D CM

ma 4m(2a) 17ma
L

2 2 2



   

(C) 

2 2

CM O

9 9 81m 81m a
L (5m)

5 5 5 5


  
      

l l l l

l

2

CM O

81m a 81 24a m
L

5 5


 
 

l

(A) Z CM 0 D CML L cos L sin   
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2 2 2
281 24 24 17ma 1 81 24ma 17ma

a m
5 5 2 24 25 2 24

   
     

12. Consider two identical galvanometers and two identical resistors with resistance R. If the internal resistance of

the galvanometers R
C
 < R/2, which of the following statement(s) about any one of the galvanometers is(are)

true?

(A) The maximum voltage range is obtained when all the compoenents are connected in series

(B) The maximum voltage range is obtained when the two resistors and one galvanometer are connnected in

series, and the second galvanometer is connected in parallel to the first galvanometer

(C) The maximum current range is obtained when all the components are connected in parallel

(D) The maximum current range is obtained when the two galvanometers are connected in series and the

combination is connected in parallel with both the resistors

nks ,dleku xsYosuksehVj rFkk ,dleku izfrjks/k R okys nks izfrjks/kd fn;s x;s gSA ;fn xsYosuksehVj dk vkarfjd izfrjks/

k R
C
 < R/2 gS] rks fdlh Hkh ,d xsYosuksehVj ds ckjs esa fn;s x, fuEufyf[kr dFkuksa esa ls dkSulk@dkSuls lR; gS@gSa\

(A) izkIr dh xbZ oksYVrk ifjlj vf/kdre gksxh tc lHkh ?kVd Js.kh esa tqM+s gq, gS

(B) izkIr dh xbZ oksYVrk ifjlj vf/kdre gksxh tc nks izfrjks/kd rFkk ,d xsYosuksehVj Js.kh esa tqM+s gSa rFkk nwljk

xsYosuksehVj igys xsYosuksehVj ds lekukUrj esa tqM+k gS

(C) izkIr dh xbZ /kkjk ifjlj vf/kdre gksxh tc lHkh ?kVd lekukUrj esa tqM+s gS

(D) izkIr dh xbZ ifjlj vf/kdre gksxh tc nks xsYosuksehVj Js.kh esa tqM+s gS rFkk ;s la;kstu izfrjks/kdksa ds lkFk lekukUrj

esa tqM+k gSA

Ans. AC

Sol. For maximum voltage range across a galvanometer, all the elements must be connected in series.

For maximum current range through a galvanometer, all the elements should be connected in parallel.

13. In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s) is(are) true?

(A) The voltmeter displays –5V as soon as the key is pressed, and displays +5V after a long time

(B) The voltmeter will display 0V at time t = ln2 seconds

(C) The current in the ammeter becomes 1/e of the initial value after 1 second

(D) The current in the ammeter becomes zero after a long time

uhps fn[kk;s x;s ifjiFk esa le; t = 0 ij cVu dks nck;k x;k gSA fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa\
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(A) fVu dks nckrs gh oksYVehVj –5V fn[kkrk gS tcfd yacs le; ds ckn oks +5V fn[kkrk gSA

(B) le; t = ln2 lSd.M ij oksYVehVj 'kwU; oksYV fn[kkrk gS

(C) 1 lSd.M ds ckn vehVj esa /kkjk izkjfEHkd /kkjk dk 1/e xq.kk gksrh gS

(D) yacs le; ds ckn vehVj esa /kkjk 'kwU; gks tkrh gS

Ans. ABCD

Sol. (A) At t = 0

A

+
5V

V
+

At t = 

A

+
5V

V
+

(B) At t = ln2 V
40f

 = V
50k

(C) Using  t /RC
0q q 1 e 

t /RC0qdq
i e

dt RC
 

14. A block with mass M is connected by a massless spring with stiffness constant k to a rigid wall and moves

without friction on a horizontal surface. The block oscillates with small amplitude A about an equilibrium posi-

tion x
0
. Consider two cases : (i) when the block is at x

0
; and (ii) when the block is at x = x

0
 + A. In both the

cases, a particle with mass m(<M) is softly placed on the block after which they stick to each other. Which of

the following statement(s) is(are) true about the motion after the mass m is placed on the mass M?
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(A) The amplitdue of oscillation in the first case changes by a factor of 
M

m M
, whereas in the second case

it remains unchanged

(B) The final time period of oscillation in both the cases is same

(C) The total energy decreases in both the cases

(D) The instantaneous speed at x
0
 of the combined masses decreases in both the cases.

,d nzO;eku&jfgr fLizax] ftldk nz<rk xq.kkad k gS] ds ,d Nksj ij M nzO;eku dk ,d xqVdk tqM+k gS] rFkk nwljs Nksj

dks n`<+ nhokj ls tksM+k x;k gSA ;g xqVdk ,d lery ?k"kZ.k&jfgr lrg ij ,d larqfyr fLFkfr x
0 
ds fxnZ NksVs vk;ke

A ls nksyu djrk gSA ;gka nks ifjfLFkfr;ka ekfu, (i) tc xqVdk x
0
 ij gS vkSj (ii) tc xqVdk x = x

0
 + A ij gSA nksuksa

ifjfLFkfr;ksa esa nzO;eku m(<M) ds ,d d.k dks xqVds ij /khjs ls bl izdkj j[kk tkrk gS fd og rqjar xqVds ls fpid

tkrk gSA d.k dks xqVds ds Åij j[kus ds ckn xfr ds ckjs esa fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa\

(A) igyh ifjfLFkfr esa nksyu dk vk;ke 
M

m M
 HkkT; ls ifjofrZr gksrk gS] tcfd nwljh ifjfLFkfr esa ;g vifjofrZr

jgrk gS

(B) nksuksa ifjfLFkfr;ksa esa nksyu dk vafre le;dky leku gS

(C) nksuksa ifjfLFkfr;ksa esa lEiw.kZ ÅtkZ de gks tkrh gS

(D) lfEefyr nzO;eku dh x
0
 ij rkR{kf.kd xfr nksuksa ifjfLFkfr;ksa esa de gks tkrh gSA

Ans. ABD

Sol. M

M

x=x0

 Mv m M v ' 

M
v ' v

m M

 
  

 

M
A ' ' A

m M

 
   

 

M
A ' A

m M




M

M

x=x0

x=x +A0

No change in Amplitdue and no loss of energy.

SECTION-III (Maximum Marks : 12)

PARAGRAPH 1

A frame of reference that is accelerated with respect to an inertial frame of reference is called a non-inertial
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fram of reference. A coordinate system fixed on a xcircular disc rotating about a fixed axis with a constant

angular velocity  is an example of a non-inertial fram of reference. The relationship between the force 
rotF


experienced by a particle of mass m moving on the rotating disc and the force 
inF


 experienced by the

particle in an inertial frame of reference is

   rot in rotF F 2m v m r ,     
     

where rotv


 is the velocity of the particle is the rotating frame of reference and r
  is the position vector of the

particle with respect to the centre of the disc.

Now consider a smooth slot along a diameter of a disc of radius R rotating counter-clockwise with a constant

angular speed  about its vertical axis through its center. We assign a coordinate system with the origin at the

center of the disc, the x-axis along the slot, the y-axis perpendicular to the slot and the z-axis along the rotation

axis  k̂  


. A small block of mass m is gently placed in the slot at   ˆr R / 2 i


 at t = 0 and is constrained

to move only along the slot.

,d funsZ'k ra=k tks ,d tM+Roh; funsZ'k ra=k dh rqyuk esa Rofjr gks] vtM+Roh; funsZ'k ra=k dgykrk gSA fLFkj dks.kh; osx

 ls ?kwerh gqbZ fMLd ij c) funsZ'k ra=k vtM+Roh; ra=k dk ,d mnkgj.k gSA m nzO;eku dk ,d d.k ?kwerh gqbZ fMLd

ij xfreku gSA xfreku d.k fMLd ij c) funsZ'k ra=k ds lkis{k cy 
rotF


 rFkk ,d tM+Roh; funsZ'k ra=k ds lkis{k cy 
inF


dks eglwl djrk gSA 
rotF


 rFkk 
inF


 ds chp dk laca/k fuEufyf[kr lehdj.k esa fn;k x;k gS

   rot in rotF F 2m v m r ,     
     

;gk¡ ij rotv


 ?kwers gq, funsZ'k ra=k esa d.k dk osx gS rFkk r
  d.k dk fMLd ds e/; fcUnq ds lkis{k fLFkfr lfn'k gSA

ekfu, fd R f=kT;k dh ,d fMLd] ftlesa O;kl ds lekukUrj ,d ?k"kZ.kjfgr [kk¡pk gS] ,d fLFkj dks.kh; xfr  ls vius

v{k ij okekorZ fn'kk esa ?kwe jgh gSA ,d funsZ'k ra=k ekfu, ftldk ewyfcanw fMLd ds e/; fcUnq ij gS ,oa x-v{k [kkaps

ds lekukUrj gS] y-v{k [kkaps ds vfHkyEc ij gS ,oa z-v{k ?kweus okyh v{k ds lekukUrj gS  k̂  


A m nzO;eku okys

,d NksVs xqVds dks le; t = 0 ij   ˆr R / 2 i


 fcUnq ij /khjs ls bl rjg ls j[kk tkrk gS fd oks flQZ [kkaps esa gh py

ldsA

15. The distance r of the block at time t is -

le; t ij xqVds dh nwjh r dk eku gS &
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(A)  2 t 2 tR
e e

4
   (B) 

R
cos 2 t

2
 (C) 

R
cos t

2
 (D)  t tR

e e
4

 

Ans. D

Sol. mr2 = ma

a = r2

2vdv
r

dr
  ;

v r
2

0 R/2
vdv rdr  

2
2 R

v r
4

  

r t

2R /2 0
2

dr
dt

R
r

4

 


 

.....(1)

Assume : 
R

r sec
2

 

2 2
t

2 0
2

R
sec tan d

R 2r 4r R2dr sec tan d ; dt; t n
2 R RR

tan
4

    
         

  
  l

t tR
r e e

4
    

16. The net reaction of the disc on the block is -

xqVds ij fMLd dh usV izfrfØ;k gS &

(A) 2 ˆ ˆm R cos tj mgk    (B) 2 ˆ ˆm R sin tj mgk  

(C)  2 t t1 ˆ ˆm R e e j mgk
2

    (D)  2 2 t 2 t1 ˆ ˆm R e e j mgk
2

    

Ans. C

Sol. y

dr
F 2m

dt
 

 2 t t1 ˆm R e e j
2

   

z
ˆF mgk

PARAGRAPH 2

Consider an evacuated cylindrical chamber of height h having rigid conducting plates at the ends and an insu-

lating curved surface as shown in the figure. A number of spherical balls made of a light weight and soft material

and coated with a conducting material are palced on the bottom plate. The balls have a radius r < < h. Now a

high voltage source (HV) is connected across the conducting plates such that the bottom plate is at + V0 and

the top plate at – V0. Due to their conducting surface, the balls will get charged, will becomes equipotential with

the plate and are repelled by it. The balls will eventually collide with the top, where the coefficient of restitution
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can be taken to be zero due to the soft nature of the material of the balls. The electric field in the chamber can

be considered to be that of a parallel plate capacitor. Assume that there are no collision between the balls and

the interaction between them is negligible.  (Ignore gravity)

h ÅapkbZ okys fuokZfrr ,d csyukdkj d{k ds nksuksa Nksjksa ij nks n`<+ pkyd iV~Vhdk,sa gS vkSj mldk oØiz"V vpkyd gS]

tSlk fd fp=k esa n'kkZ;k x;k gSA de Hkkj okyh eqyk;e inkFkZ ls cuh gq;h dbZ xksykdkj xksfy;k¡] ftudh lrg ij ,d

pkyd inkFkZ dh ijr p<+h gS] uhps okyh ifV~Vdk ij j[kh gqbZ gSA bu xksfy;ksa dh f=kT;k r < < h gSA vc ,d mPp oksYVrk

dk L=kksr (HV) bl rjg ls tksM+k tkrk gS fd uhps okyh ifV~Vdk ij +V0 ,oa Åij okyh ifV~Vdk ij –V0 dk foHko

vk tkrk gSA pkyd ijr ds dkj.k xksfy;k¡ vkosf'kr gksdj ifV~Vdk ds lkFk lefoHko gks tkrh gS ftlds dkj.k os ifV~Vdk

ls izfrdf"kZr gksrh gSA varrksxRok xksfy;k¡ Åijh ifV~Vdk ls Vdjkrh gS] tgk¡ ij xksfy;ksa ds inkFkZ dh eqyk;e izd`fr ds

dkj.k izR;oLFkku xq.kkad (coefficient of restitution) dks 'kwU; fy;k tk ldrk gSA d{k esa fo|qr {ks=k dks lekukUrj ifV~Vdk

okys la/kkfj=k ds leku ekuk tk ldrk gSA xksfy;ksa dh ,d nwljs ls ikjLifjd fØ;k ,oa Vdjko dks ux.; ekuk tk ldrk

gSA (xq:Rokd"kZ.k ux.; gSA)

17. Which one of the following statements is correct ?

(A) The balls will bounce back to the bottom plate carrying the opposite charge they went up with

(B) The balls will execute simple harmonic motion between the two plates

(C) The balls will bounce back to the bottom plate carrying the same charge they went up with

(D) The balls will stick to the top and remain there

fuEufyf[kr esa ls dkSulk dFku lR; gS\

(A) xksfy;k¡ ftl vkos'k ds lkFk Åij tkrh gS mlds foijhr vkos'k ds lkFk mNydj fupyh ifV~Vdk ij okil vk tkrh

gS

(B) xksfy;k¡ nksuksa ifV~Vdkvksa ds chp ljy vkorZ xfr fu"ikn djsxh

(C) xksfy;k¡ ftl vkos'k ds lkFk Åij tkrh gS mlh vkos'k ds lkFk mNydj fupyh ifV~Vdk ij okil vk tkrh gS

(D) xksfy;k¡ Åijh ifV~Vdk ij fpiddj ogha jg tkrh gS

Ans. A

Sol. After coming in contact with upper plate, spherical balls will transfer their positive charge there by completing

the flow of charge in the circuit and they will become negativity charged. Then due to electric field, they will

again come back to lower plate and the process will repeat.

18. The average current in the steady state registered by the ammeter in the circuit will be

(A) proportional to 1/2
0V (B) proportional to 2

0V

(C) proportional to the potential V0 (D) zero

ifjiFk esa yxk, vehVj esa LFkk;h voLFkk esa vkSlr /kkjk &

(A) 1/2
0V  ds lekuqikrh gksxh (B) 2

0V  ds lekuqikrh gksxh

(C) V0 ds lekuqikrh gksxh (D) dk eku 'kwU; gksxk

Ans. B
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Sol. avg

q
i

t



q  V
0
 (charge carried by spherical balls)

time taken in going from one plate to another

21
at h

2


0

2

V
q

1 h
t h

2 m

 
 
  

2

0

2mh
t

qV


i
avg

  V
0
2


